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ABSTRACT 
Nataraja, Kavin Muhilan. M.S., Purdue University, May 2014. M.A.E.G.U.S: Measuring 
Alternative Energy Generation via Unity Simulation. Major Professor: David Whittinghill. 
 
This paper presents the MAEGUS serious game and a study to determine its 
efficacy as a pedagogical tool. The MAEGUS serious game teaches sustainable energy 
concepts through gameplay simulating wind turbines and solar arrays. Players take the 
role of an energy manager for a city and use realistic data and information visualizations 
to learn the physical factors of wind and solar energy generation. The MAEGUS serious 
game study compares game assisted learning to a more traditional teaching method 
such as reading material in a crossover study, the results of which can inform future 
serious game development for educational purposes. 
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CHAPTER 1. INTRODUCTION 
 
Energy awareness is an integral part of today's society. In recent years, the 
connection between the environment and energy production has become a key factor 
in energy policy in countries throughout the world. More and more the production of 
clean green energy has gained importance over continued use of greenhouse gas 
producing fossil fuels. As a result, curricula at the K-12 and university levels have been 
reformed to include green energy education. The new curriculum put into place still has 
gaps for educational tools and this thesis presents a learning module that will fill the gap 
and provide an enriching educational experience.  
1.1 Scope 
A serious game called MAEGUS was created in Unity. It has gameplay mechanics 
similar to SimCity or the Tycoon series of videogames. Players will play through a variety 
of scenarios where they will be given a budget and various sustainable technologies to 
meet the energy requirement while operating within the budget. The technologies 
presented will be limited to wind turbines and solar arrays. Future iterations of the 
serious game may include non-renewable resources or other sustainable technologies. 
The simulation will be given to Purdue University students with interests in 
sustainable energy related disciplines. The subjects will be administered a post-test 
pertaining to their knowledge of sustainable energy technologies. The results of this 
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post-test will be compared with another group of students who did not receive 
exposure to the MAEGUS serious game but instead received reading material on similar 
subject material. The short test on sustainable energy concepts will consist of questions 
such as: "What are the variables that affect wind energy generation?" Retention of 
concepts after playing the game will be measured by the results of the quiz. If students 
show equal or higher retention of energy concepts after playing the game as the reading 
group then the simulation is a successful education tool. 
1.2 Significance 
Energy literacy is at the forefront of modern education policy. Development of 
tools to promote energy literacy is a key part of new curriculum design in universities 
and at the K-12 level. The MAEGUS serious game will optimally become an integral part 
of energy education curriculum and help teach sustainable energy technology and its 
benefits to students around the world. 
1.3 Statement of Purpose 
Energy literacy is an important topic in today's society. The greenhouse gas crisis 
and the resultant environmental crisis the planet is going through is inextricably related 
to the use of fossil fuels. Countries worldwide are modifying their energy policies to 
include more sustainable energy technologies and practices. The MAEGUS serious game 
will help promote awareness about sustainable energy technologies in high schools and 
universities by having students solve different energy crisis scenarios with alternative 
energy choices such as wind turbines and solar arrays. In the process, students will 
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familiarize themselves with the usability and efficiency of these alternative energy 
systems and become more energy literate as a result. 
1.4 Research Question 
Can a serious game increase the retention of wind energy and solar energy 
concepts in college students? 
1.5 Assumptions 
The assumptions of this study are the following: 
 Students will have basic computer skills and will be able to manipulate a Unity 
game reasonably quickly. 
 Students will have access to a quiet and well-lit environment in both versions of 
the study: the reading portion and the simulation portion. 
 Students will have access to computers that can run the Unity simulation and will 
not crash during simulation.  
 Students will be honest in answering the pre-test survey and the post-test survey 
and will do their best to answer the questions on the concept portion of the test. 
 Thirty minutes will be enough time for students to explore the simulation or read 
the material provided during the testing. 
1.6 Limitations 
The limitations of this study are the following: 
 The study was limited to students classified as college undergraduate and 
graduate students. 
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 The study was limited to Purdue University students. 
 The researcher cannot control the students possessing prior knowledge of 
concepts presented in the study and tested in the post-test. 
 The sustainable energy concepts presented are limited to wind turbines and 
solar arrays. 
1.7 Delimitations 
The delimitations of this study are the following  
 The study will not include information on non-renewable energy sources such as 
coal or oil. 
1.8 Definitions of Key Terms 
Sustainable Energy - Renewable forms of energy such as wind or solar energy. 
These forms of energy are sustainable and in most cases considered infinite. "The vast 
development and deployment of cleaner, more energy efficient technologies will be 
needed to reduce greenhouse gas emissions" (Kaygusuz 2012, p. 1120). 
1.9 Summary 
The goal of this thesis is to create an effective supplement to energy education 
curricula. It will be created in Unity and will be tested with college students to 
determine its efficacy as a pedagogical application. In order to create a valid simulation 




CHAPTER 2. LITERATURE REVIEW 
 
Green energy is a large constantly evolving topic covering production methods 
that are being refined and revised for optimization. This literature review presents the 
need for the MAEGUS serious game by identifying the gap in energy education 
curriculum. The first section of this paper will provide insight into green energy and the 
methods of alternate energy production simulated for testing: wind turbines and 
photovoltaic arrays. Existing alternate energy education policies and methods will also 
be examined to show the need for an educational tool. Additionally, previous serious 
games research will be discussed. Finally, algorithms and formulae for the physical 
energy simulation will be provided from the source material. 
2.1 Green Energy 
Modern countries are defined as modern by their nationwide access to energy 
and poverty of developing countries is calculated by the same measure (Kaygusuz, 2012). 
Energy poverty is a lack of access to electricity or modern sources of energy  or the 
reliance on inefficient and finite energy sources such as biomass. Biomass energy is 
derived from the burning of materials such as firewood, charcoal and dung (Kaygusuz, 
2012). While biomass is suitable for activities such as cooking, modern services require 
more stable and sustainable sources of electricity. In the domestic environment, 
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refrigeration and electrical lights provide convenience while modern electric-stoves that 
cut down on fumes from burning biomass can prevent health issues. On a larger scale, 
hospitals use refrigeration for sterilization and storage and manufacturing industries 
require electricity to power plants (Kaygusuz, 2012).  
In 2012, an article in the Renewable and Sustainable Energy Reviews made a case 
for reforming energy policy to help developing countries of the world. The article shows 
that close to 1.4 billion people live without electricity in the modern world and this 
number will only increase in the next 20 years if current energy policies are left 
unchanged (Kaygusuz, 2012).  
What remains constant throughout the projected years is increasing 
consumption of fossil fuels. Currently 21% of energy production comes from gas and 
coal consumption and this number is projected to rise to 23% by 2030 (Kaygusuz, 2012).  
The oil trade fuels the world economy and as a result many developing countries with 
naturally occurring fossil fuel resources choose to export them while relying on biomass 
fuel resources in their own homes, which propagates the lack of electricity in developing 
nations (Kaygusuz, 2012). 
An assumption drawn from the continued growing use of coal and oil is that CO2 
emissions will also increase in the future. Kaygusuz (2012) postulates that there will be 
up to a 55% increase in CO2 emissions in the next two decades. The burning of fossil 
fuels is the largest contributor of greenhouse gases and is a primary cause of the 
deterioration of the environment (Chen, Huang & Liu, 2013). The burning of fossil fuels 
and production of CO2 isn't just restricted to developing countries. Modern nations 
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consume even more energy using fossil fuels due to new technological developments 
(Kaygusuz, 2010; Kaygusuz, 2012). As India and China are expanding economically and 
other countries increase in population so does energy consumption and as a result the 
demand and subsequent consumption of fossil fuels increases (Kaygusuz, 2010).   
While a variety of policies have been passed in response to the global warming 
crisis, the universal energy industry is broad and no one policy can effectively regulate 
the entire system (Kaygusuz, 2012). Even so there is a large amount of research being 
conducted into cleaner, greener energy production.  
In the area of coal and oil consumption, methods are being researched to 
regulate carbon emission while retaining efficient energy generation. Carbon Capture 
System (CCS) is a method of capturing carbon while coal and natural gas is being burned. 
This process optimally can completely eliminate carbon emission from these processes 
(Kaygusuz, 2012). Research though still needs to be expanded in this and other 
processes. Until processes like CCS become reliable and widespread, alternative 
methods of energy production must be adopted. 
The alternative to fossil fuels is the harnessing of renewable or sustainable 
energy sources for energy generation. Kaygusuz (2012) wrote that "access to 
sustainable energy sources should form a central component of broader development 
strategies" (p.1119). Sustainable energy sources that provide energy exempt of CO2 
emissions and are reliable will alleviate the problem of energy poverty while reducing 
the impact of the greenhouse gas crisis. 
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Governments around the world have begun emphasizing research into these 
alternative energy sources to provide relief for the environment as well as to avoid crisis 
as a result of the inevitable fossil fuel shortage (Chen et al., 2013; Garg & Kandpal, 1996; 
Kaygusuz, 2010). These alternate energy sources include wind turbines, hydroelectric 
generators, solar panels, biomass generators and geothermal plants (Kaygusuz, 2010).  
In 2007, 3% of all electrical energy worldwide was created by sustainable energy 
resources, with the exception of hydroelectricity. By 2030 this percentage should double 
to 6% with the largest portion of the increase attributed to wind turbines (Kaygusuz, 
2010). Wind energy is the fastest growing sustainable energy thanks to government 
incentives that fund wind farms. The United States, Denmark, Turkey, China, Egypt and 
other nations all have policies that promote wind technology (Saidur, 2010). Solar 
energy is another major sustainable resource and a case study in 2011 calculated that 
solar panels could provide 16% of the total annual electricity consumption of Taiwan 
(Yue & Huang, 2011).  
Yet despite the efforts put forth by governments worldwide, there has been a 
widespread lack of adoption of alternate energy technologies for a number of reasons. 
First, without a central infrastructure to guide sustainable energy education, developing 
countries have opted to continue using fossil fuels or have adopted inefficient or 
expensive technologies (Acikgoz, 2011). Second, without proper education in 
maintenance or repair of sustainable energy technologies, some countries created a 
combination of technologies, that were ultimately abandoned by end-users who didn't 
know how to properly utilize the benefits of the technology (Acikgoz, 2011).   
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Both problems stem from a lack of energy education. Clearly there is a need for 
alternate energy adoption. In order to increase awareness of alternate energy 
technologies education policies have been revised to include sustainable energy 
education (Acikgoz, 2011; Garg & Kandpal, 1996). Following is a brief look at existing 
energy education policies and what researchers have deemed important in promoting 
alternate energy technologies. 
 
2.2 Energy Education 
Sustainable energy education seeks to promote the adoption of sustainable 
energy technologies by increasing knowledge of alternate energy solutions at the K-12 
and university levels (Garg & Kandpal, 1996). The oil crisis of 1973 led to a boom in 
awareness of the finite quality of fossil fuels. Fossil fuels changed from a commodity to a 
scarce dwindling resource leading to an increase in general knowledge of oil industry 
and nonrenewable resources (Kandpal & Garg, 1999).   
A person at the end of an energy education program is optimally "energy-
literate". Dewaters and Powers (2011) defined energy literacy as more than just content 
knowledge. Energy literacy includes "a 'citizenship understanding' of energy that 
encompasses affective and behavioral aspects" (Dewaters & Powers, 2011, p.1700). An 
energy-literate person is not just aware of the environmental impact of energy, but is 
also inclined towards energy conversation. This means that energy education ultimately 
produces an individual who has an active comprehension of energy and not a passive 
understanding that most curricula impart (Acikgoz, 2011; Dewaters & Powers, 2011). 
10 
 
The lack of enthusiasm to adopt sustainable energy technologies is directly 
correlated to a lack of energy literacy (Dewaters, 2011). By promoting strategies of 
energy saving, governments can focus on developing new technologies and methods of 
energy conservation instead of relying on acquiring an abundance of fossil fuels or other 
energy sources. This will lead to a more active stance on adopting sustainable energies 
and help developing countries and first world countries deal with energy poverty and 
fossil fuel depletion (Dewaters, 2011). 
Studies of energy education still remain scarce. Since energy is studied in other 
curricula such as engineering and physics it has been slow in gaining status as its own 
separate discipline. Where energy is treated as its own separate discipline mainly is in 
independent courses or minors, created with funding from research grants or 
government funding (Stone, 2011). Energy is usually studied as an additional discipline 
in mechanical engineering or civil engineering (Acikgoz, 2011; Stone, 2011).  
The need for energy education to be recognized as an independent discipline is 
important as it will lead to an increase in energy literacy (Acikgoz, 2011). In order for 
energy education to become its own discipline, a framework and goal must be 
developed. Jennings (2001) wrote that teachers and education would be key in 
promoting  Ecologically Sustainable Development (ESD) which is defined as:  
Development which meets the needs of the present without compromising the 
 ability of future generations to meet their own needs and, improving the quality 
 of life while living within the carrying capacity of supporting ecosystems. 
 (Jennings, 2001, p.114) 
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The acceptance of the concept of Ecologically Sustainable Development is the 
main goal of energy education. In 1992, the United Nations Commission on Environment 
Development passed Agenda 21. Agenda 21 defined precisely the role of energy 
education in a society striving to adopt sustainable energy technologies: 
• To promote environmental and ethical awareness, values, attitudes, skills and 
behaviour needed for sustainable development; 
• To build capacity for nations to develop Agenda 21 action programs; 
• To train more scientists and engineers with an understanding of ESD and the 
technology for sustainable development; 
• To re-orient all levels of education towards ESD (Jennings, 2001, p.115). 
Since Agenda 21's passing, developing countries have formed their own agendas 
and policies on energy education and ESD. While their names for their frameworks are 
different, they share many similarities and the different programs have overlapping 
definitions of what makes an optimal energy education program. Kandpal and Garg 
(1999) created a list of the desirable features of an energy-education programs that 
overlapped with other researchers' optimal programs including that they should: 
1) include all energy resources (renewable and non-renewable) (Acikgoz, 2011; 
Kandpal & Garg, 1999) 
2) cover all aspects of energy technologies such as: 




c) economics and energetics 
d) sociocultural issues, and 
 e) ecological and environmental impacts 
3) be developed for different educational levels and for different audiences 
(Acikgoz, 2011; Kandpal & Garg, 1999) 
4) be consistent at the local, national, regional and international levels. 
5) be flexible and dynamic. 
6) ensure employment/self-employment for students and have a direct link 
with job requirements and responsibilities required in the area of energy. 
7) be compatible with global efforts (Kandpal & Garg, 1999). 
The requirements requested above will be integrated into the final simulation's 
design. The final simulation created will be administered to university level subjects and 
will have to balance the benefits and consequences of different renewable resources.  
Following are some examples of education policy and curriculum design, 
categorized by country, that provided insight into designing the final simulation. 
 
2.2.1 Taiwan 
In 2009, Taiwan created "Energy Saving and Carbon Reduction", an action plan to 
promote a sustainable energy policy. The goal of the plan was not only to increase 
awareness and knowledge of low carbon energy but also to embed the "energy-related 
comprehension into low-carbon and energy saving attitudes for citizens" (Chen et al., 
2013, p.397). It is important that energy education doesn't just provide comprehensive 
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knowledge, but that it also makes individuals more adaptive to new sustainable energy 
technologies. This goal runs parallel to Agenda 21's first goal: "Promote environmental 
and ethical awareness, values, attitudes, skills and behavior needed for sustainable 
development" (Jennings, 2001, p.115). Consistent with goals expressed in "Energy 
Saving and Carbon Reduction", Taiwan's Ministry of Education and the National Science 
Council created the "National Science and Technology Program" and started research on 
curriculum redesign as well as assessments to test energy literacy (Chen et al., 2013).  
Kuan Li-Chen, Su-Hun Huang and Shiang-Yao Liu (2013) developed a survey 
questionnaire during the "National Science and Technology Program". The purpose of 
the survey was to determine the dimensions experts found most important when trying 
to improve energy literacy. The survey was given to experts defined by the authors as 
fellow researchers in the "National Science and Technology Program" or involved in the 
"Energy Technology Education Center" (Chen et al., 2013). Thirty four percent of the 
experts were professors in environmental related disciplines and 66% of the survey 
subjects were teachers in schools partnered with the "Energy Technology Education 
Center" (Chen et al.,  2013). The authors found that "civic responsibility for a sustainable 
society" was the highest priority among test results. Other dimensions included "low-
carbon lifestyle", "energy concepts" and "reasoning of energy issues" (Chen et al., 2013, 
p.398). Of note was that "possessing a systematic understanding about energy" was the 
lowest priority indicator (Chen et al., 2013, p.401). A conclusion can be drawn from this 
is that experts didn't believe that citizens needed a thorough understanding of energy to 
be energy literate, but did need to be aware of sustainable energies and their overall 
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benefit to a community. The authors published their research as an energy education 
framework to be implemented in school curricula in Taiwan (Chen et al., 2013).  
Taking into account the dimensions discussed above, the simulation created will 
be as realistic as possible but the game mechanics will be intuitive so users won't have 
to learn the technical details of energy production and management but will be engaged 




Acikgoz (2011) writes that energy education should be introduced at the grade 
school level and universities should also offer full degrees that end with a diploma in 
energy related fields. A training course for employed engineers or engineers looking for 
employment could also help bolster careers with energy literacy. Turkey has put into 
place many incentives for sustainable technology research and development. The 
adoption of numerous Five-Year Development Plans by Turkey have led to large scale 
government policy changes focusing on different parts of Turkey's infrastructure 
(Acikgoz, 2011). The eighth Five-Year Development Plan focused on education 
development and increase communication technology and curriculum in schools. The 
latest Five-Year Development Plan, the ninth one lasting from 2007-2013, focuses on 
meeting the increasing demand for energy.  As laid down by the preceding Five-Year 
Development Plan, new curriculum programs are being developed to increase the 
infrastructure of Turkey's educational system. The new curriculum introduced in the 
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ninth development plan focus on sustainable technologies and energy education at 
various levels (Acikgoz, 2011). Turkey's goal in its latest iteration of the Five-Year 
Development Plan is to help ease the demand for sustainable technology and Acikgoz 
(2011) writes that the renewable energy industry and Turkey's interaction with it will be 
greatly influenced by education. 
The focus of the energy education curriculum is on "the most important 
renewable sources" listed as hydropower, wind, solar, geothermal and biomass (Acikgoz, 
2011, p. 608). Turkey's emphasis on these sources comes from its rank as seventh in the 
world in terms of geothermal production potential, and Turkey has 1% of the total world 
hydroelectric energy production (Acikgoz, 2011). Traditional university courses will not 
be able to keep up with rapidly developing sustainable energy technologies. Instead 
short training courses for college students and graduates will be crucial in promoting 
awareness of Turkey's sustainable technology needs and what the county has already 
accomplished (Acikgoz, 2011). An important part of the education process will also be 
modern educational technology such as e-Learning courses. Modern instruments that 
utilize software or the internet are appealing to teachers and students (Acikgoz, 2011). 
The inclusion of digital learning materials such as PDFs and image files or videos 
accessed through a PC can make web-based training units possible. Even flash files are 
being implemented in new courses at universities and at the school level (Acikgoz, 2011). 
This shows that there is a place for the final simulation. A Unity-based simulation 
could be used in web-based training units and is also an attractive alternative for 
16 
 
educators and students. The final simulation could be an integral part of a new e-
learning approach to energy education.  
2.2.3 United States  
In the United States, energy education is still a sub-discipline and relegated to a 
minor or addition to normal course workloads. Universities in the United States are 
focusing on adding energy education to their curriculum with the incentive of 
government funded grants (Stone, 2011). At the Colorado School of Mines, a new 
energy minor curriculum is in development with funding from a NSF grant. Alongside 
the new curriculum a student energy club and summer research program are being 
developed (Stone, 2011). The minor presents courses for students who have technical 
backgrounds in mathematics and physics and provide hands-on in class exercises as 
opposed to survey style lectures (Stone, 2011). Students responded favorably to course 
work that had them working on hands-on technical problems. Community service 
projects and field trips were other activities that students were attracted to (Stone, 
2011). 
Stone (2011) provides examples of other United States schools that focus on 
lecture based energy education courses. The uniqueness of the Colorado School of 
Mines energy program shows that hands-on activities and exercises can be as 
educational as lectures while more favorably viewed by potential students and teachers 
(Stone, 2011). The final simulation will be a hands-on part of educational programs and 





The final Unity simulation reflects the developing energy education curriculum 
design in many countries: a hands on all-inclusive instructional program that is relevant 
at multiple educational levels and is easily integrated into existing curriculum. The final 
product of this paper will be the kind of e-learning experience students look forward to 
and benefit from as much as a lecture based session. Researchers and governments 
have already established the need for more sustainable energy and energy literacy. The 
solution to the need must be innovative and engaging to be adopted by schools and 
universities. 
2.3 Serious Games 
Serious games is a genre of games that goes beyond just pure entertainment. As 
de Fritas wrote in 2012, serious games serve to improve important skills such as 
"problem-solving, decision-making, inquiry, multitasking, collaboration and creativity" 
(de Fritas et al., 2012, p.289). Serious games can immerse students in scenarios and 
environments they normally couldn't experience or interact with. These serious game 
experiences have been reviewed favorably by students and faculty when they are 
included in educational curricula (Stone, 2011; Darling et al., 2008). 
 
2.3.1 Game Assisted Learning 
Game assisted learning is defined as "the outcome of integrating effective 
learning principles into game environments for the purpose of utilizing engaging 
elements of games as a means for improving the quality of education" (Wu, Chiou, Kao, 
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Alex Hu & Huang, 2012, p.1156).The relative affordability of digital game devices and 
the favorable reaction from educators and students has led to the development of 
pedagogical game-based applications (Wu et al., 2012). Wu and his fellow researchers 
(2012) conducted a meta-review of a number of game assisted learning papers that 
reviewed periods of game assisted learning research. The papers covered game studies 
conducted throughout 1963 to 2007 and investigated the application and results of 
instructional game design research. The concepts that were gamified in the studies 
included math, physics, business, social sciences and engineering. Wu found that while 
serious games weren't applicable in all instructional environments they had a 
significantly positive effect on student's learning outcomes, especially in the subject 
area of math (Wu et al., 2012).  
Game assisted learning is still nascent and suffers from a lack of distinct 
methodology (Mayer 2012). However two important concepts of game assisted learning 
are accountability and responsibility. Accountability ensures users have their 
expectations met by serious games in terms of content and experience. Developers have 
the responsibility of actively and effectively reaching their goals of education or training 
using their software. MAEGUS was developed with these key concepts in mind (Mayer 
2012).  
While there have been numerous instances of gamification in course curriculum, 
the major inspiration for MAEGUS and its testing methodology comes from the Racing 
Academy project (Darling et al., 2008). Racing Academy was developed to help UK 
higher education students develop an understanding of the engineering concepts in 
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vehicle dynamics using computer gaming (Darling et al., 2008). A pre-test was 
administered to a class of approximately 160 students a week before exposure to the 
game began. The pre-test tested engineering concepts that would be presented in the 
game. After playing the game students were given an identical post-test which also 
tested engineering concepts and significant improvement was found in the second 
round of testing (Darling et al., 2008). MAEGUS will follow a similar design by giving 
students a pre-test on sustainable energy concepts and then compare these results with 
results on a post-test after the MAEGUS game has been played to determine how it 
affects learning outcomes.  
2.3.2 Flow Theory 
A major factor of game enhanced learning is related to the theory of game flow. 
Flow theory, introduced by Csikszentmihalyi in 1975, deals with player engagement and 
the balance between boredom and anxiety in games (Csikszentmihalyi, 1975).  
Flow is "a state of complete absorption or engagement in an activity and refers 
to the optimal experience." (Kiili, 2012). When a person enters this state of optimal 
experience, they focus singularly on the task at hand and ignore outside factors. The 
flow theory has been applied to multiple fields of research but its acceptance in game 
research is important for the state of game assisted learning. By utilizing the theory of 
game flow, researchers can develop pedagogical applications that engage a user to a 
point that they do not realize they are learning as they are playing a game (Kiili, 2012). 
The goal of MAEGUS is to provide an engaging experience that will convince students to 
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play the serious game for entertainment purposes while they subconsciously achieve 
learning outcomes.  
2.4 Simulation 
In order to gamify sustainable energy technologies, MAEGUS realistically 
simulates energy using existing formulae and scientific factors discussed in the next 
section. The product of this thesis will focus on wind turbine simulation and solar array 
simulation. 
2.4.1 Wind Turbines 
 A number of environmental factors as well as technical specifications 
affect a wind turbines' energy output. In the final simulation, the factors of energy 
generation that go into energy generation and energy management are the important 
concepts that serve as learning outcomes (Kandpal & Garg, 1999).   
The independent variables in the wind turbine formula are the swept area of the 
rotor blades (A), air density (p), the wind speed (v) and the power coefficient of the 
generator (Cp) with the dependent variable being power generated (P) (Belu & Koracin, 
2012, Foley & Gutowski 2008). The wind turbine formula used in MAEGUS is shown in 






Figure 2.1. Wind Energy Formula 
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The length of the wind turbine blades are crucial to determining the swept area. 
In order to find the swept area, the circle area formula is used: πr2(Belu & Koracin, 2012). 
Air density is determined by the wind turbine elevation and the power coefficient is the 
generator's mechanical efficiency which is governed by the Betz limit. The average is 
around 40% (Belu & Koracin, 2012). Wind speed will be simulated by weather patterns 
aggregated from an online database. 
Other factors to consider are wind direction and distance between turbines. A 
study was conducted in 2012 that showed that wind turbines suffer minimal loss of 
energy when wind direction deviates up to 90 degrees from the horizontal axis. If the 
wind's angle of incidence is above 90 degrees to either side of the wind turbine, there 
will be a loss of energy generation (Chen, Wang, Liu, Chen, Li & Guan, 2012). A wake 
effect exists if wind turbines are placed too close together. However, because most 
modern wind turbines automatically rotate their rotor to face the optimal wind 
direction, wind direction wasn't simulated in the build of MAEGUS presented in this 
paper. Studies show that the wake effect can be removed if the turbines are placed at 
least 500 meters away from each other, and each unit is subject to the same average 
wind speed (Chen et al., 2012). In game, this is represented by the wind turbines taking 
up a large unit of space where nothing else can be built adjacent to them. This spacing 







2.4.2 Solar Arrays 
Also called photovoltaic trackers, solar arrays are scalable in size by the number 
of panels in an array (Koussa, Cheknane, Hadji, Haddadi & Noureddine, 2011). Solar 
arrays are measured by the estimated wattage of the panels and the number of panels 
in an array (Koussa et al., 2011). Another factor of solar energy generation is the 
material of the panels. There is a wide variety of materials with varying efficiencies of 
photovoltaic absorption (Green, 2013).  The angle of incidence also plays a key role in 
how much sunlight a solar array gathers. Throughout the day solar arrays tilt to 
optimally gather as much sunlight as they possibly can. Research has been conducted on 
formulas to measure the optimal tilt of solar arrays based on the sun's location as well 
as weather patterns (Koussa et al., 2011; Mehleri, Zervas, Sarimveis, Palyvos & Markatos, 
2010).  
2.4.3 Conclusion 
There are a number of factors to take into account when programming the 
physics of both wind turbines and solar panels. This simulation only focuses on these 
two sustainable resources. Plans for other renewable and nonrenewable resources can 
be considered for future studies. How the simulation will accurately implement the 
physics discussed above and tie them together with game play mechanics is discussed in 




CHAPTER 3. METHODOLOGY 
 
In order to measure retention of energy concepts, test scores on the MAEGUS 
study survey were evaluated. Participants were split into two groups: group 1 played the 
MAEGUS serious game while group 2 reviewed written material covering sustainable 
energy concepts. At the end of the review session an identical post-test survey on 
sustainable energy concepts was given to both groups. The independent variable of the 
study was the method participants used to learn sustainable energy concepts. The post-
test was administered to determine retention of sustainable energy concepts after 
exposure to the two different educational methods. The dependent variable of this 
study was the results of the post-test of both groups.  
The hypotheses for the study follow: 
H0: There is no difference between test results of a group given a serious game 
versus a group given reading material. 
Ha: There is a difference between test results of a group given a serious game 
versus a group given reading material. 
Following is more information about the MAEGUS serious game, the reading 





3.1 MAEGUS Gameplay 
3.1.1 Narrative 
MAEGUS is a turn-based simulation game that takes place in a far future setting 
where energy resources have run out. Civilization has collapsed and the player takes the 
role of the MAEGUS a wandering nomad who discovers the last city in existence. The 
city has a bare supply of energy and its elder, the Sage, asks the player to help him build 
new energy generators using plans for wind turbines and solar arrays he has salvaged. 
The MAEGUS has the ability to visualize the world as hexes and can also see the energy 
factors of each hex in the world. As the MAEGUS, the player builds wind turbines and 
solar arrays in these hexes and must interpret the energy factors in each location to 
optimize their energy output. Narrative, which has been shown to increase engagement 
in roleplaying oriented games, was added to promote flow and interest in MAEGUS 
(Dickey, 2006). 
 




3.1.2 Game World 
The MAEGUS game world is split into hexes, which are hexagonal space 
identifiers. Each hex represents 500 square meters in game and has energy factors such 
as wind velocity and solar concentration tied to them. These hexes are further organized 
into sixteen regions and a stochastic weather model was developed to randomly seed 
each region based on a weather dataset (Wilks & Wilby, 1999).  The weather dataset 
used is realistic weather data taken from the National Renewable Energy website. The 
game simulates over 20,000 possible data points of wind data and solar energy from the 
state of Indiana, the chosen region that the prototype level simulates (NREL). When a 
player hovers over or clicks on a hex they are presented with the energy generation 
formulas for wind energy and solar energy as well as a comparison of the two. Data 
visualizations were created to help the players understand the energy factors in each 
region and how to best adapt their build strategy accordingly. 
 




The random seed stores within each region an overall weather model and each 
turn the weather factors in the hexes within that region vary depending on the seed. As 
such, MAEGUS game sessions vary greatly in terms of how the player can generate the 
most energy. Some sessions solar energy is optimal because of more stable solar 
concentration while other game sessions wind energy is more effective because of 
higher wind speeds. This emphasis on the realistic external weather factors of energy 
generation were designed to be engaging as a gameplay mechanic and to function as an 
important learning outcome. 
3.1.3 Challenges 
Players must be careful about how they build not only because of the factors of 
energy generation in hexes but because they are also restricted by the amount of space 
they can build in and by their funds. At the beginning of the game, the player's city has a 
limited build radius around it. Players can only place their energy generators in the 
radius around their city. They are also given limited funds at the beginning of the game 
that restricts how many energy generators they can build. Additionally, wind turbines 
and solar arrays differ in how much they cost and wind turbines cannot have anything in 
adjacent hexes to them. After building an energy generator, players cannot move or 
destroy their generators. The limitations of space and funds provide challenges to the 
player to carefully analyze their choices before making them to generate as much 





Figure 3.3. MAEGUS City Level 1 
The city hex is the player's lifeline. The city provides the players with energy 
goals that they must reach using their energy generators. By generating energy and 
reaching an energy goal, the player's city levels up, visually growing bigger, providing 
more funds and creating a larger build radius. Every time a player reaches an energy 
goal the limitations on their gameplay is decreased and a new energy goal is provided 
which pushes players to build bigger and better energy generators. 
MAEGUS in the test build consisted of 20 turns. Turns represent a full day of 
energy generation for wind turbines and solar arrays. At the beginning of every turn, 
players are given a base amount of funds from their city and a bonus amount based on 
how close they are to their next energy goal, as a reward for progressing. At the end of 
every turn, MAEGUS calculates the amount of energy each wind turbine and solar array 




turns were also a time limit that forced players to strategize and use their funds to their 
maximum potential. 
Funds could also be used on upgrades for energy generators. The two internal 
factors of wind energy, blade length and generator efficiency, could be upgraded for 
wind turbines while solar arrays could have their estimated wattage and material type 
upgraded. Upgrades increased in price exponentially and each of these internal factors 
were also represented in the energy formulas. Players in the end game could decide to 
prioritize upgrading their energy generators instead of building more as their finite build 
space ran out. Upgrades were also represented realistically in the energy generation 
formula and had long term impacts on an energy generator's efficiency. 
A final incentive for players is that at the end of the game, their score is judged 
and added to a high score list if high enough. The high score system is an extra incentive 
to motivate players to generate as much energy as possible to top their peer's scores.  
 






3.2 Reading Material 
The reading material used in the MAEGUS study was composited from three 
information pamphlets from the NREL website (NREL). The three pamphlets were 
dissected for the most relevant material to the study. The first pamphlet from 2001 was 
titled Nonrenewable Energy: An Overview and provides an overview of nonrenewable 
energy and sustainable energy sources. The overview section and section on wind 
energy and solar energy were taken from this paper. The second pamphlet from 2008, 
30% Wind Energy by 2030, promoted having wind energy provide 30% of the total 
energy produced in the United States by 2030. The portion on the energy generation 
factors was used as reading material. The final pamphlet, Get Your Power From the Sun, 
had information on solar arrays and their factors of energy generation and efficiency.  
These pamphlets were composited into a comprehensive ten page packet of 
information on sustainable energy with a focus on wind power and solar power. This 
reading packet was used in the reading group to compare MAEGUS to traditional 
material used in classrooms or as study material. 
3.3 Assessment 
Development of MAEGUS took precedence during this thesis. In order to test its 
efficacy as an educational tool, a comparison of test scores with reading material was 
decided on. Since development on MAEGUS took priority, the researcher did not have 
the time or experience to develop a scale specifically for the study. Instead, the 
researcher used affective five point Likert scale questions from the MAEGUS pilot study 




cognitive multiple choice questions from DeWaters' Energy Literacy Survey (Dewaters & 
Powers, 2008) as well as created custom questions along the lines of those asked in the 
Energy Literacy Survey.  
In the MAEGUS pilot study conducted in 2013, a prototype build of MAEGUS was 
tested with undergraduate students in Purdue's College of Technology to determine if 
MAEGUS had any significant impact on student's attitudes towards sustainable energy 
concepts (Nataraja, Head & Whittinghill, 2014). In the study, players were given a pre-
test with five likert scale questions that tested their attitude and confidence towards 
sustainable energy, asking them to rate how much they agreed with statements such as: 
"I am interested in sustainable energy." (Nataraja, Head & Whittinghill, 2014). After a 
gameplay session with MAEGUS an identical post-test was administered and the results 
of the pre-test and post-test were compared. The researchers found a significant 
positive increase in participant's attitudes after playing MAEGUS among other results. 
The MAEGUS study uses these affective likert scale questions to measure confidence 
and interest in participants.  
The scale to measure energy literacy was adapted from Dewaters' Energy 
Literacy Survey (ELS). Originally tested with students at the high school level, Dewaters 
developed the ELS to measure energy literacy (DeWaters & Powers, 2008). The Energy 
Literacy Survey consists of 69 questions split into the three categories of behavioral, 
affective and cognitive questions. The MAEGUS study used four multiple choice 
questions from the Energy Literacy Survey's cognitive question section: questions 37, 41, 




energy, these questions were used as the first four questions in the cognitive section of 
the MAEGUS study. The remaining six cognitive questions were created by the 
researcher specifically to test sustainable energy concepts presented in the MAEGUS 
game and the reading material such as: "Wind Turbines derive energy by...".  
The final resulting fifteen question MAEGUS Study survey can be found in the 
Appendix. The first five likert scale questions are affective questions while the final ten 
are multiple choice cognitive questions. This study was administered to all participants 
in the MAEGUS study, both in the reading group and the game group, and the test 
scores of the two groups were processed with a comparative analysis to test the 
hypotheses of the thesis. 
3.4 Procedure 
3.4.1 Sample Population 
After receiving IRB approval for the human testing portion of the MAEGUS study, 
testing began. The maximum sampling size for the MAEGUS study was 50 participants 
who were split into two equally sized groups of 25. The sample population was a 
convenience sample from Purdue University students of any major or classification. 
Flyers, departmental emails and word of mouth was used to recruit participants for the 
study. A majority of test participants were College of Technology students who were 







3.4.2 Testing Environment 
The MAEGUS study was conducted in Purdue University's Games Research Lab in 
the Computer Graphics Technology department. The Games Research Lab is an enclosed 
space with a Windows computer and speakers. Participants were allowed to walk-in to 
the Games Research Lab in between testing sessions to either participate or set up an 
appointment to test. The room was closed during testing and locked from the inside so 
passersby couldn't see or enter the room while testing was in progress. The MAEGUS 
study was conducted in this quiet environment where participants could concentrate on 
the study. 
3.4.3 Testing Process 
Before testing began, the research team randomized the order that participants 
would be placed into the two groups. Group 1 was designated as the game group and 
Group 2 was designated as the reading group. Both groups had an equal number of 
participants, 25 in each. When participants arrived for the testing session, the 
researcher gave them the IRB approved consent form and obtained their signature as 
well as provided a copy of the form for the participants' records. Participants were 
allowed to leave at any time and were assured the study was completely voluntary. 
Participants were informed of the existence of two different groups for the study, the 
game group and the reading group, before their consent was attained. Participants were 
not told what group they were in until after the consent form was signed and testing 
began. At that time, the researcher consulted the randomized order to determine which 




After assigning the participant to a group the testing began. Participants in group 
1 were shown a short tutorial video of the controls of the MAEGUS serious game. After 
watching the video, the researcher started the MAEGUS gameplay session. Participants 
played the MAEGUS serious game and were timed during gameplay. The MAEGUS test 
build has 20 turns and if the participants finished their turns before 20 minutes the 
timer was paused and the post-test survey was administered. If participants reached 20 
minutes and hadn't finished the game the researcher asked the participants to stop 
building energy generators and to just cycle through their remaining turns to see how 
much energy they produced with the buildings they created. The post-test survey was 
then administered. 
Participants in Group 2 were asked to read the information packet described in 
Section 3.2. They were given 20 minutes to read the material and were timed. If 
participants didn't finish within 20 minutes they were asked to stop reading, the 
information packet was returned to the researcher and the post-test survey was 
administered. If participants finished early, their time was noted and the information 
packet was retrieved by the researcher before the post-test survey was administered. 
Participants were given as much time as needed to complete the post-test 
survey, typically a 5 minute task. Afterwards they were debriefed about the study. The 
post-test survey and consent forms were stored in secure file lockers and later the 







The MAEGUS study tests whether or not a goal-based serious game can motivate 
students to learn sustainable energy concepts as effectively as reading material can. The 
MAEGUS study was conducted at Purdue University with a convenience sample of 50 
college students, split into two equal groups of 25. These groups were exposed to 
different educational methods and the results of identical post-tests were compared to 
determine if there is a significant difference between serious games and reading 
material in regards to teaching sustainable energy concepts. Following is the Results 




CHAPTER 4. RESULTS 
 
 
The MAEGUS study survey consists of 15 questions: 5 likert scale attitudinal 
questions and 10 multiple choice cognitive questions. The likert scale questions used a 
5-point likert scale and were scored on a 1-5 scale with 1 being highly negative attitude 
and 5 being highly positive attitude. The cognitive questions were scored out of 10. The 
scores on each attitudinal question and the cognitive scores were grouped into their 
respective group for group 1 and group 2. The scores for each group were then analyzed. 
For the likert scale questions the responses are discrete and so a Mann-Whitney U test 
is used to compare if the two groups have the same mean alongside the independent 
two-sample t-test to see if there is significance. Independent two-sample t-test was 
used on the cognitive scores. An alpha of .05 and a confidence level of 95% was used in 
the t-test analyses. Following are the results of the analyses. In the analysis, group 1 






4.1 Attitudinal Likert Scale Analysis 
 
Figure 4.1 Distribution of Likert Scale Question 1 
Question 1 of the MAEGUS study survey is "I have an in-depth knowledge of 
sustainable energy" with 1 meaning the participant strongly disagreed with the 
statement and 5 being the participant strongly agreed with the statement. The Mann 
Whitney U test showed that the data for group 1's responses to question one were not 
normalized. The mean score of group 1 was 3 while the mean score of group 2 was 3.52. 
The overall mean score of the two groups was 3.26. However there was no significant 






Figure 4.2 Distribution of Likert Scale Question 2 
 
Question 2 of the MAEGUS study survey is "I know the scientific factors that 
determine how wind turbines generate energy." " with 1 meaning the participant 
strongly disagreed with the statement and 5 being the participant strongly agreed with 
the statement. The mean score of group 1 was 3.32 and the mean value of group 2 was 
3.76. The overall mean score of the two groups was 3.54. There was no significant 





Figure 4.3 Distribution of Likert Scale Question 3 
Question 3 of the MAEGUS survey is "I know the scientific factors that determine 
how solar arrays generate energy." " with 1 meaning the participant strongly disagreed 
with the statement and 5 being the participant strongly agreed with the statement. The 
mean score of group 1 was 3.08 while the mean value of group 2 was 3.8. The overall 
mean score of the two groups was 3.44. There was no significant difference in the two 





Figure 4.4. Distribution of Likert Scale Question 4 
 
Question 4 of the MAEGUS survey is "I am interested in sustainable energy." 
with 1 meaning the participant strongly disagreed with the statement and 5 being the 
participant strongly agreed with the statement. The mean score of group 1 was 4.36 
while group 2 was 4.12. The overall mean score of both groups was 4.24. There was no 






Figure 4.5. Distribution of Likert Scale Question 5 
 
Question 5 of the MAEGUS survey is "I enjoyed the method I learned with 
today." with 1 meaning the participant strongly disagreed with the statement and 5 
being the participant strongly agreed with the statement. The mean value of group 1 
was 4.72 while the mean value of group 2 was 2.64. The overall mean score of the two 
groups was 3.68. There was a significant difference in the data between group 1 and 
group 2 as the p-value was less than .0001 and the confidence interval was positive. It is 
possible to reject the null hypothesis, that there is no difference in test results between 









4.2 Cognitive Score Analysis 
 
Figure 4.6. Distribution of Cognitive Scores 
The cognitive scores were measured out of 10. Each question had only one 
correct answer and so each question had a weight of 1. The lowest score in group 1 was 
4 while in group 2 the lowest score was 5. In both groups the highest score was a 
perfect score of 10. The mean score of group 1 was 7.08 and the mean score of group 2 
was 7.16. The overall mean score of both groups was 7.12. There was no significant 
difference between the cognitive scores of both groups based on the t-test since the p-
value was above 0.05. As such, the cognitive score cannot reject the null hypothesis.  
The results presented here will be discussed in further detail and interpreted in 




CHAPTER 5. CONCLUSION 
 
 
The MAEGUS study attempted to compare a serious game to more traditional 
reading material used in energy education curriculum to test its efficacy as a 
pedagogical application. Based on the results of the study, a number of interesting 
observations can be made. 
5.1 Interpretation 
Interpreting the results of the statistical analysis from the Results section, we 
find that MAEGUS, the serious game, is not significantly different than reading material 
from the Department of Energy in terms of test results. The cognitive scores on the tests 
were not significantly different and showed that participants in the study learned the 
same material from the game as they did the reading material. The attitudinal questions 
also didn't have any significant differences with the exception of which learning method 
participants liked better.  
There is a standard distribution of answers to attitudinal question 5, the "I liked 
the method I learned with" question for group 2. The reading group had answers that 
varied from strongly negative to strongly positive enjoyment. However group 1 only had 




positive experience. As expected participants in the MAEGUS study enjoyed playing the 
game more than participants who were placed in the reading group.  
The null hypotheses of the MAEGUS study, There is no difference between test 
results of a group given a serious game versus a group given reading material, cannot be 
rejected based on the results of the study but that has significant value in itself. The 
conclusion of the MAEGUS study is that the serious game could be substituted for the 
10 page reading material. Since there was no significant difference in the cognitive test 
scores, participants learned the same sustainable energy concepts playing the game as 
they would reading educational material. This shows that MAEGUS has some use as a 
pedagogical tool. More than that, it was the preferred method of learning and instilled 
the same level of confidence and interest in energy literacy as the reading material.  
5.2 Discussion 
There are some factors to take into consideration when comparing MAEGUS to 
educational material. In general participants took the full 20 minutes when playing the 
game and some participants still didn't have enough time to finish all 20 turns in game. 
However an overwhelming majority of participants in the reading group finished the 
information packet in the allotted 20 minutes. The researcher believes that the game 
takes longer to complete than the reading and so could not serve as a suitable 
substitute in terms of time.  
A contributor to the longer time on task is that MAEGUS uses multiple data 
visualizations to provide information to the player about the energy generation 




utilize the features of the data visualization and gave the visualizations a cursory glance 
or ignored them all together.  
However, participants expressed interest in playing the game even if they were 
put in the reading group. One participant stated during the debriefing that they had a 
difficult time reading and was interested in a more visual method of learning.  
Players were also highly motivated by the MAEGUS high score system. A number 
of players stated that they wanted to learn how the formula worked so they could get 
the high score. One participant asked for scratch paper so he could calculate how the 
upgrades would affect his energy generation. Players were excited to find out if they got 
a high score at the end and liked seeing how a variety of strategies created the high 
scores. Many participants stated that they were interested in playing the game again 
especially since they felt they understood the game better after the first play through. 
Finally, the results seem to favor MAEGUS being used to help teach students 
who have difficulty engaging with reading material. As such MAEGUS may have the best 
use with a younger K-12 audience, especially high school students, and can increase 
awareness and interest in sustainable energy paths in secondary education.  
5.3 Future Work 
In terms of future research, the MAEGUS serious game could use further 
validation. The MAEGUS study survey was created based off of DeWaters' Energy 
Literacy Survey (DeWaters, 2008). However the Energy Literacy Survey was developed 
for high school level students and the MAEGUS study survey was used on college 




courses. In future research a more rigorous scale for energy literacy should be 
developed for MAEGUS. The MAEGUS study was a serious game study as opposed to 
research into developing an educational questionnaire and so a higher focus was placed 
on development and evaluation of the MAEGUS game. 
In order to test true retention of energy concepts, a longitudinal study with 
MAEGUS should be conducted similar to Darling's Racing Academy study which took 
place over a number of weeks as opposed to one single gameplay session (Darling, 
2008). In the longitudinal study, players would take a pre-test on their conceptual 
knowledge of sustainable energy and then begin a learning module where they learned 
about sustainable energy concepts using MAEGUS gameplay sessions and other 
teaching methods. A post-test would be administered after the learning module was 
concluded and the results of the post-test would be compared to results from the pre-
test. Further, the post-test could be compared to a group that underwent the same 
learning module with the exclusion of MAEGUS gameplay sessions.  
As a serious game, MAEGUS also has room for further development. One future 
improvement for the game would be adding more renewable resource simulations such 
as hydropower, geothermal and even nuclear energy sources. Even nonrenewable 
resources such as coal and oil could develop a baseline for comparing sustainable versus 
non-sustainable energy sources. Participants also pointed out that the upgrade system 
didn't have a substantial effect on their energy generation to utilize. Upgrades, like all of 
the other factors of energy generation, were realistically simulated and participants 




effective and produced more energy. This gameplay issue was only discovered during 
playtesting which is an indicator that MAEGUS needs further game balancing. 
 Improvement of the GUI, more levels, expanded scenarios and further 
framework development in the future could improve MAEGUS's ability to engage and 
teach players. 
5.4 Final Thoughts 
In conclusion, this paper discusses the development and test of the MAEGUS 
serious game, a new pedagogical application that can help teach sustainable energy 
concepts. The results of the MAEGUS testing showed that MAEGUS is an effective and 
engaging tool and could have a role supplementing normal energy education curriculum. 
While it is not the ultimate substitute for traditional teaching methods, such as reading 
material, it is an effective and noteworthy option for improving energy literacy in a 
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Please answer the following questions using the provided scale, 1 signifying you do not 
agree 
and 5 signifying you definitely agree. 
 
1.  I have an in-depth knowledge of sustainable energy. 
 
       1   2   3  4  5 
Strongly Disagree Slightly Disagree    Neutral Slightly Agree    Strongly Agree 
 
2. I know the scientific factors that determine how wind turbines generate energy. 
 
       1   2   3  4  5 
Strongly Disagree Slightly Disagree     Neutral Slightly Agree   Strongly Agree 
 
3. I know the scientific factors that determine how solar arrays generate energy. 
 
       1   2   3  4  5 
Strongly Disagree Slightly Disagree    Neutral Slightly Agree    Strongly Agree 
 
4. I am interested in sustainable energy.  
 
       1   2   3  4  5 
Strongly Disagree Slightly Disagree    Neutral Slightly Agree   Strongly Agree 
 
5. I enjoyed the method I learned with today. 
 
       1   2   3  4  5 




Please answer the following multiple choice questions to the best of your ability. 
 
1. The amount of ELECTRICAL ENERGY (ELECTRICITY) we use is measured in 
units called… 
A. Kilowatts (kW) 
B. Kilowatt-hours (kW-h) 
C. British Thermal Units (BTU) 
D. Volts (V) 
E. Horsepower (HP) 
 
 
2. What does it mean if an electric power plant is 35% efficient? 
A. For every $100 invested in the production of energy, $35 is made into profit 
B. For every $35 invested in the production of energy, $100 is made into profit 
C. For every 100 units of energy that go into the plant, 35 units are lost during energy 
transformations 
D. For every 100 units of energy that go into the plant, 35 units are converted into 
electrical 
energy 
E. For every 35 units of energy that go into the plant, 100 units of electrical energy are 
produced 
 
3. The term “renewable energy resources” means … 
A. Resources that are free and convenient to use 
B. Resources that can be converted directly into heat and electricity 
C. Resources that do not produce air pollution 
D. Resources that are very efficient to use for producing energy 
E. Resources that can be replenished by nature in a short period of time 
 
4. Which of the following energy resources is NOT renewable? 
A. Solar 
B. Biomass (wood, waste, plants, alcohol fuels) 
C. Coal 
D. Water (hydro) power 
E. Geothermal 
 
5. Solar electricity generators absorb energy from the sun and are also called... 
A. Sun Trackers 
B. Solar Absorbers 
C. Photon Vehicular Trackers 
D. Photovoltaic Trackers 







6. Wind Turbines derive energy by... 
A. Converting mechanical energy when turned by the wind 
B. Absorbing heat in the air as they turn 
C. Perpetually turning and generating mechanical energy 
D. Absorbing moisture in the air 
E. None of the above 
 
7. As a wind turbine's height increases the following occurs... 
A. Energy generation increases because air density decreases. 
B. Energy generation increases because wind speed increases. 
C. Energy generation decreases because air density increases. 
D. Energy generation decreases because wind speed decreases. 
E. None of the above 
 
8. On average, how much energy (kwh) does it take to power a household? 
A. 3 kwh 
B. 10 kwh 
C. 30 kwh 
D. 100 kwh 
E. 300 kwh 
 
9. Which of the following is not a factor of wind energy generation? 
A. Wind Velocity 
B. Swept area of the blades 
C. Air Density 
D. Air Temperature 
E. Generator efficiency 
 
10. Which of the following is not a factor of solar energy generation? 
A. Solar Concentration 
B. Estimated Wattage 
C. Internal Battery Life 
D. Average Sun Hours 
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